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THE "DOUBLE M" CRYSTAL FILTER 


by Clayton F.Bane ,W6WB 


We were wondering how to include a lot of 
theory on crystal filters into our limited 
Tecnews space when along comes QST and solves 
our problem. The reader is thus refered to 
June QST, (page 48) for basic theory on lat- 
tice crystal filters. The filter to be des- 
cribed herein uses but two surplus crystals 
of the same frequency and, while not capable 
of the performance obtained with the eight 
matched-crystal lattice described in QST, 
can still do an excellent job. 

It is apparent that any filter that is 
to be used for SSB transmission or for the 
reception of AM or CW signals on a SS basis, 
must have a steep drop beyond the edge of the 
pass-band. That is, as the frequency is var- 
ied beyond that corresponding to the edge 
of the pass-band, the response must drop very 
rapidly to a point of high attenuation. Unfor- 
tunately, such steep slopes require inductance 
with very high Q, a requirement that is very 
difficult to meet at frequencies normaJly used 
for receiver I.F. stages. (400-500 kcs.) 
Certain quartz crystals however can have ex- 
tremely high Q’s at these frequencies and 


22, ee ees 

Ary ES 

= eS Seas eas 

F <0 TO Sees 

ee 

+ Typical Response curve || iiiii {ii | 

Sty SINGLE XTL FILTER Pe eerie po 
(229 Se eS ET Se 

-3 =2 =I 450. .+~«+! +2 


FREQUENCY-KCS. 


NIT TTT 
VEEREOURSE oe 


it 
il 


ial 
@ 
) 
cae 
=a 
id en 


ATT 
ABU 
TTL 
ALLA 


LT 
BRVAN-S 


RESPONSE CURVE 
“DOUBLE M" XTL FILTER 


b 
° 


oo. 
a 
1 
z 
°o 
i 
« 
> 
z 
w 
i 
= 
< 


® 
ro) 


+1 
FREQUENCY-KCS,. 


A publication for the pres- 
entation of new ideas .. . 
products .. . in the asso- 


ciated fields of radio and 
electronics. 


MAY — JUNE 


thus can be incorporated into a filter to 
provide high selectivity. Consider now a 
typical response curve of a crystal used as 
a filter in a. communications receiver. Fig.1. 


A crystal when so connected will have 
two resonant frequencies, one series and one 
parallel; (see June QST) the series resonant 
frequency being set by the type of cut and 
the physical dimensions of the crystal 
The sharp peak in Fig.1 corresponds to the 
series resonant frequency. In addition, the 
crystal has a parallel resonant frequency 
that can be shifted, (within limits) nearer 
to or farther away from the fixed series 
resonant frequency. The notch in Fig.1 cor- 
responds to the parallel resonant frequency; 
this notch being shifted by the phasing con- 
trol on the receiver to coincide with the fre- 
quency of an interfering signal. If we were 
to move the notch as close as possible to the 
series resonant point, it can be seen that we 
will have achieved the very desirable charac- 
teristic of an extremely steep drop to a por- 
tion of a sideband falling on the notch side. 
(this assumes the carrier to be set to the 
crystal peak) Ignoring the fact that under 
these circumstances the wanted sideband would 
also suffer attenuation on the higher audio 
frequencies, consider only the sideband on the 
notch side. The notch will drop the unwanted 
sideband but unfortunately the amplitude of 
the sideband will rise again directly past the 
frequency of the notch. The portion of the 
frequency spectrum that rises again past the 
notch is called the “return”. This phenomena 
is a characteristic of certain types of fil- 
ters...the crystal filter shown also falls 
into this same catagory. Any standard filter 
text will show a family of curves relating 
the frequency of the attenuation notch to the 
cutoff frequency of the filter, the letter “‘m” 
followed by a decimal being used to identify 
each curve, as “m .6”" etc. The smaller the 
value of “m”, the closer the notch to the cut- 
off frequency. As the notch approaches this 
cutoff frequency, two thiings are apparent: 
(1). The slope of the curve becomes steeper. 
(2). The “return” rises rapidly to approach 
the starting value at cutoff and the overall 
attenuation is thus low. This being so, the 
receiver crystal filter becomes useless as 
a means for attenuating one sideband even 
though the steepness of the curve past reson- 
ance, (peak) leaves little to be des ired.The 
fact that the notch or parallel! resonant fre 
quency of the crystal can be shifted offers a 
means for retaining this steep slope while 
still providing substantial reduction of the 
unwanted “return”. 
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In filter design, the return from the in- 
close “m"” section is reduced by the addition 


of still another “m” section of such value- 


that its rejection notch falls near the peak 
return of the first section. Since the total 
attenuation is additive, the overall! result 
will be a very substantial reduction of the 
entire spectrum past the cut-off frequency. 
This is clearly illustrated in Fig.2, the 
response curve for the double crystal filter 
to be described Here, the in-close “m” has 
the extremely low value of .077. From what 
has been said, the “return” should rise to a 
high value and this is exactly the case. The 
second crystal filter section, ( having an 
identical series resonant frequency) is tuned 
so that its parallel resonant point will cor- 
respond to an“m” of .143, thus putting a deep 
notch in the return from the first “m” section 
Here then is our “Double m” crystal filter. 


The circuit is shown in Fig.3. This con- 
sists of two separate crystal filter circuits 
Similiar to the type that might be used in a 
receiver. Both sections use surplus crystals 
of identical frequency. A stage of I.F. is in- 
cluded to make up for the insertion loss of 
the filter...about 10 db. 


The transformers used in our model were 
slug tuned types having fixed 100 mmf micas 
across each winding. The capacity center taps 
on the secondaries of Tl and T2 were added by 
removing the original 100 mmf and subst it ut ing 
two 200 mmf in series with the center junction 
grounded. Regular CT secondaries should be ok. 
Compress ion-mica transformers should likewise 


be quite satisfactory. (Innerstage type). 


The balancing capacitors, Cl and C2 may be 
very small capacities, perhaps as low as 1 mmf 
therefore they are made up from twisted hook- 
up wire; the capacity being changed by alter- 
ing the length of the twisted pair. (Norma lly 
not over 2°** long, maximum. ) 


Keep the shunt capacity across the ind ivi- 
dual crystals to a minimum by soldering to the 
pins on the holder rather than to use a socket 
for connections. Keep capacities down through- 
out...leads short and direct...baffle shield 
- between stages...output connections far re- 
moved from those of the input. 


FIGURE 3. 


Now about tuning. An oscillator covering 
the 400-500 kc range will be necessary.Output 
should be about 1 volt RMS. A VT voltmeter 
with 0-3V, AC range can be used as the output 
indicator. A 1N34 crystal and 50 or 100 micro- 
ammeter might be a suitable substitute. First, 
Connect the oscillator to the filter input and 
VIVM across the I.F. amplifier output. Leave 
off C1 and C2. The first step is to tune all 
transformers to the series resonant peak of 
the crystals. It is important that this peak 
be accurately located. It may be weak at the 
start and in any case, will not be as sharply 
defined as it would be in a receiver filter. 

Assuming the above, short out Xtl1 2 and 
very carefully move the test oscillator higher 
in frequency until a dip in output occurs. 
This will usually be very close to the peak 
frequency and may not be too sharply defined. 
Now connect the balancing capacitor Ci and add 
capacity in small steps, meanwhile carefully 
tuning the oscillator to maintain minimum 
reading on the output meter. The notch should 
move higher in frequency and become much more 
sharply defined as capacity is added to the 
balancing capacitor. This adjustment should be 
satisfactory when the notch has moved about 
600 cycles higher than the crystal peak. Now 
remove the short from the second crystal and 
place it across the first crystal. Connect 
the second balancing capacitor. Repeat pre- 
cedure, i.e., find the notch and add balancing 
capacity until this notch has moved higher in 
frequency, (from the peak) until it is about 
900 to 1000 cycles removed. This will complete 
the tuning of the balancing capacitors and 
should result in two spaced nulls correspon- 
ding in frequency to those shown on the res- 
ponse curve in Fig.2. The next step is to 
stagger-tune some of the I.F. transformers to 
provide a reasonably flat response to at least 
2.5 ke on the LF side. The overal! curve will 
eventually look like the curve in Fig.2. 


It is best not to readjust the tuning of 
the secondaries of Tl or T2 since it is possi- 
ble that such detuning may shift the position 
of the two infinite points. Better to move the 
frequency of the test oscillator about 2.5 ke 
lower in frequency, (from the peak) and stagger 
tune primary of Tl, secondary of T3 and both 
primary and secondary of T4. The idea here is 
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Developed from the world famous PT6 series 
Magnecorder, the PT63 offers the same wide- 
band response and fidelity, plus the new three 
head assembly to monitor directly from the 
tape while recording. Separate erase, record 
and playback heads are triple shielded to 
prevent cross-talk and hum and each can be 
individually aligned or replaced. 


Same size and weight as PT6-A mechanism, 
the PT63-A is complete with capstans for 74” 
or 15” tape speeds. Designed for use with 
PT63-J or PT7 amplifiers for monitoring 
directly from the tape. 


to shift the overal! curve to the LF side of 
the crystal peak point, thus bringing the off - 
resonance response up to that of the crystal 
peak rather than dropping the peak to match. 


The two crystals must be the same fre- 
quency, say within 20-30 cycles. Model was 
at approximately 450 kc. Crystals used were 
surplus from BC-604. These are marked from 
Channel 0 to 79, come in black bakelite hol- 
ders and have a channel spacing of 1.85 kc. 
Actual crystal frequency is holder marking 
divided by 54. If this filter is to be used 
for a SSB transmitter, the crystals must come 
from still another series having 1.35 kc spac- 
ing, in order to provide a beating crystal 
frequency .5 ke higher which will then almost 
fall at the frequency of the first infinite 
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RACK 


Any portable Magnecorder rack-type amplifiers for 
can be mounted in stand- semi-permanent mounting 
ard 19” racks and can be available, if preferred. All 
combined with others for Magnecord amplifiers have 
elaborate continuous re- zero level output! 

cording systems. Special 


A request to Electric Supply Co. will 
bring you a complete catalog fully 
describing this and other Magnecord 
equipment. Note particularly that 
the Magnecord line encompasses a very 
wide assortment of recording acces- 
sories for every purpose. 


point of the filter. A typical crystal set 
would be two Channel 325, (451.38 ke in Brown 
holders) and one Channel 44, (451.85 ke in 
Black holders). Many other sets are possible. 


A final tip. If there is difficulty in 
bringing the first crystal infinite point 
close enough to the series resonant point,try 
adding a very small twisted wire capacitor 
directly across the crystal and then readjust- 
ing the balancing capacitor. After the entire 
filter has been adjusted as described, the bal 
ancing capacitor C2 may be carefully touched 
up to reduce the remaining return on the high 
frequency side of the crystal peak. Also, do 
not end up with a crystal peak that is too 
pronounced or your filter is apt to “ring” at 
certain audio frequencies. More later. 30. 
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Alterations are now under way in our new quarters.. 

fine brick building right next door. (I2th & Madison) 
This new building gives us somthing our rapid expan- 
sion has demanded...an abundance of useful space for 
better display and stock control and the ability to 
stock even larger quantities of all well-known lines. 
To our customers...even better and faster service. We 
hope to occupy by July |....details in coming Tecnews. 


BY NATIONAL 
that slick, long awaited grid turret BY MORROW 
with Faraday Shield. Type MB-4OL. The new Morrow Converter 


BY ELECTRO-VOICE BY RME 
They're all talking about the new E-V ; 

TENNA-TOP... a high hot booster for TV new RME receiver... .RME-50. 
...automatic tuned...installed at ant. 
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matter and state on FORM 3547 amount of forwarding postage 
required which sender will promptly furnish. 


